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Leg skinfold thicknesses and race performance in male
24-hour ultra-marathoners
Abstract
The association of skinfold thicknesses with race performance has been investigated in runners
competing over distances of ≤50 km. This study investigated a potential relation between
skinfold thicknesses and race performance in male ultra-marathoners completing >50 km in 24
hours. Variables of anthropometry, training, and previous performance were related to race
performance in 63 male ultra-marathoners aged 46.9 (standard deviation [SD] 10.3) years,
standing 1.78 (SD 0.07) m in height, and weighing 73.3 (SD 7.6) kg. The runners clocked 146.1
(SD 43.1) km during the 24 hours. In the bivariate analysis, several variables were associated
with race performance: body mass (r = -0.25); skinfold thickness at axilla (r = -0.37), subscapula
(r = -0.28), abdomen (r = -0.31), and suprailiaca (r = -0.30); the sum of skinfold thicknesses (r =
-0.32); percentage body fat (r = -0.32); weekly kilometers run (r = 0.31); personal best time in a
marathon (r = -0.58); personal best time in a 100-km ultra-run (r = -0.31); and personal best
performance in a 24-hour run (r = 0.46). In the multivariate analysis, no anthropometric or
training variable was related to race performance. In conclusion, in contrast to runners up to
distances of 50 km, skinfold thicknesses of the lower limbs were not related to race
performance in 24-hour ultra-marathoners.
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of skinfolds in the lower limb is a result of intense training 
in running (2). 
Ultra-endurance races, defi ned as an endurance performance 
of more than 6 hours (8) that can last for days or even weeks 
(7, 9–11), are increasingly popular. Published reports regarding 
the association between skinfold thicknesses and performance 
in ultra-marathon distances are scarce (4). One study including 
25 male multistage ultra-marathoners completing ~50 km per 
day during a 7-day multistage run reproduced the fi nding that 
calf skinfold thickness was related to ultra-marathon perfor-
mance (4). However, no study has investigated whether skinfold 
thicknesses are related to performance in ultra-marathoners 
running for more than 50 km without a break. Th e thickness 
of skinfolds is related to body fat (12). Since ultra-endurance 
performance leads to a decrease in body fat (9–11, 13), higher 
prerace skinfolds might be associated with enhanced ultra-en-
durance performance. Arrese and Ostáriz (1) assumed that the 
assessment of skinfold values in the lower limbs may be a useful 
predictor of athletic performance. We therefore investigated 
correlations between skinfold thicknesses and race performance 
in male ultra-marathoners in a 24-hour run. We hypothesized 
that also for male ultra-marathoners completing more than 
50 km without a break, an association would exist between 
skinfold thicknesses of the lower limbs and race performance. 
METHODS
Since participation in ultra-endurance performance is low 
per race (7), data were collected from 3 consecutive years, 2008, 
2009, and 2010, to increase the sample size. Th e organizer of 
the 24-hour run in Basel, Switzerland, contacted all participants 
of the race via a separate newsletter upon inscription to the 
race. Th e 24-hour run in Basel takes place every year in mid 
May. Ultra-marathoners from all over Europe start at noon to 
perform as many laps as possible on a fl at course over 24 hours. 
Each lap of 1.141 km is counted by a personal lap counter for 
each runner. 
The association of skinfold thicknesses with race performance has 
been investigated in runners competing over distances of ≤50 km. This 
study investigated a potential relation between skinfold thicknesses and 
race performance in male ultra-marathoners completing >50 km in 
24 hours. Variables of anthropometry, training, and previous performance 
were related to race performance in 63 male ultra-marathoners aged 
46.9 (standard deviation [SD] 10.3) years, standing 1.78 (SD 0.07) m in 
height, and weighing 73.3 (SD 7.6) kg. The runners clocked 146.1 (SD 
43.1) km during the 24 hours. In the bivariate analysis, several variables 
were associated with race performance: body mass (r = –0.25); skinfold 
thickness at axilla (r = –0.37), subscapula (r = –0.28), abdomen (r = 
–0.31), and suprailiaca (r = –0.30); the sum of skinfold thicknesses 
(r = –0.32); percentage body fat (r = –0.32); weekly kilometers run (r = 
0.31); personal best time in a marathon (r = –0.58); personal best time 
in a 100-km ultra-run (r = –0.31); and personal best performance in a 
24-hour run (r = 0.46). In the multivariate analysis, no anthropometric 
or training variable was related to race performance. In conclusion, in 
contrast to runners up to distances of 50 km, skinfold thicknesses of 
the lower limbs were not related to race performance in 24-hour ultra-
marathoners. 
number of physiological, anthropometric, and train-
ing variables seem to infl uence running performance, 
depending upon the length and duration of perfor-
mance; among these variables, the relation between 
skinfold thicknesses and running performance has been es-
pecially discussed (1–6). More than 20 years ago, Hagan et 
al reported that apart from other variables, the sum of seven 
skinfold thicknesses correlated to marathon performance time 
(5). Bale et al showed that total skinfold thickness, the type 
and frequency of training, and the number of years running 
were the best predictors of running performance and success 
in the 10-km distance (6). In recent studies, an association 
between the thicknesses of selected skinfolds of the upper 
and lower body and running performance has been demon-
strated in top-class male and female runners who ran distances 
from 100 m to 10,000 m and the marathon, respectively (1, 
2). High correlations were found in male runners between 
both the front thigh and medial calf skinfold thickness and 
10,000-m race times (1). It was supposed that the thickness 
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A total of 63 male ultra-marathoners participated in the in-
vestigation. Th e ultra-marathoners were informed of the experi-
mental procedure and gave their informed written consent before 
the investigation. Th e study was approved by the institutional 
review board for use of human subjects of St. Gallen, Switzerland. 
Th e ultra-marathoners had the opportunity to consume food 
and beverages ad libitum from an abundant buff et provided by 
the organizer, and they could also eat food provided by their 
personal support crews. Th e support crews were also allowed to 
help change clothes and shoes. In the 3 years of the run, the tem-
perature at the start was 21°C in 2008, 23°C in 2009, and 17°C 
in 2010; the temperature at the end was 31°C, 29°C, and 18°C, 
respectively. Low nighttime temperatures were 10°C to 11°C. 
In the 4 hours before the start of the race, body mass, body 
height, and the thickness of nine skinfolds (pectoral, axillar, 
biceps, triceps, subscapular, abdominal, suprailiacal, thigh, and 
calf ) were measured by the same investigator. With these data, 
the sum of skinfolds, body mass index, and percentage body 
fat were calculated. Body mass was measured using a com-
mercial scale (Beurer BF 15, Beurer, Ulm, Germany) to the 
nearest 0.1 kg. Body height was measured using a stadiometer 
to the nearest 0.5 cm. Th e skinfold data were obtained using a 
skinfold caliper (GPM-Hautfaltenmessgerät, Siber & Hegner, 
Zurich, Switzerland) and recorded to the nearest 0.2 mm. One 
trained investigator took all the measurements, as intertester 
variability is a major source of error in skinfold measurements. 
All skinfold thicknesses were determined on the right side of 
the body for all athletes. Th e skinfold measurements were taken 
three times, and the mean was then used for the analyses. Th e 
skinfold measurements were standardized to ensure reliability, 
Table 1. Values for selected variables and their relation to race performance using bivariate analysis in the 63 ultra-marathoners*
Variable Mean (SD) Pearson r P
Anthropometric characteristics
      Age (years)   46.9 (10.3)   0.04
      Body mass (kg) 73.3 (7.6) –0.25 0.0477
      Body height (m)   1.78 (0.07) –0.15
      Body mass index (kg/m2) 23.1 (1.8) –0.18
      Length of leg (cm) 87.0 (5.3) –0.20
      Biceps skinfold (mm)   4.5 (1.9) –0.12
      Pectoral skinfold (mm)   7.1 (3.0) –0.24
      Axillar skinfold (mm)   8.6 (3.2) –0.37 0.0033
      Triceps skinfold (mm)   8.0 (2.3) –0.24
      Subscapular skinfold (mm) 10.4 (3.7) –0.28 0.0288
      Abdominal skinfold (mm) 16.8 (7.9) –0.31 0.0134
      Suprailiacal skinfold (mm) 15.7 (7.8) –0.30 0.0164
      Front thigh skinfold (mm) 12.5 (7.1) –0.17
      Medial calf skinfold (mm)   6.4 (2.8) –0.11
      Sum of nine skinfolds (mm)   89.9 (31.1) –0.32 0.0097
      Body fat (%) 16.1 (4.1) –0.32 0.0115
Performance and training characteristics
      Time as competitive runner (yr) 13.8 (9.2)   0.04
      Distance run per week (km)   85.7 (35.8)   0.31 0.0133
      Time run per week (h)   9.2 (5.3)   0.20
      Mean speed of the training sessions (km/h) 10.3 (1.5)   0.24
      Number of finished marathons (n = 61)   27.5 (24.0)   0.16
      Personal best time in a marathon (min) (n = 61) 198.3 (32.0) –0.58      <0.0001
      Number of finished 100-km runs (n = 43)     9.3 (17.0) –0.10
      Personal best time in a 100-km run (min) (n = 43)   634.4 (148.2) –0.31 0.0430
      Number of finished 24-hour runs (n = 38)   6.9 (8.9) –0.16
      Personal best performance in a 24-hour run (km) (n = 38) 174.7 (40.1)   0.46 0.0041
*r values represent Pearson correlation coefficients. P values are provided in cases of a significant association.
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and readings were performed 
4 seconds after applying the 
caliper, according to Becque et 
al (14). An intratester reliabil-
ity check was conducted on 27 
male runners prior to testing 
(15). Percentage body fat was 
calculated using the anthro-
pometric formula according 
to Ball et al (16). 
From inscription into the 
study through the start of the 
race, the ultra-marathoners 
were asked to maintain a 
comprehensive training di-
ary, consisting of the number 
of weekly training units show-
ing duration, kilometers and 
pace, weekly kilometers run, 
and weekly hours run. The 
ultra-marathoners recorded 
their speed in running during 
training in minutes per kilometer. Further, they reported the 
number of years that they had actively participated in mara-
thon and ultra-marathon competitions, as well as the number 
of marathons, 100-km runs, and 24-hour runs that they had 
successfully completed and their best performances in these 
disciplines. Th ese variables may refl ect the aspect of previous 
experience.
Data are presented as mean and standard deviation (SD). 
Th e coeffi  cient of variation (CV) of performance, which de-
scribes the magnitude of the sample values and the variation 
within them, was calculated (CV% = 100 × SD/mean). Th e 
relation between race performance in completed kilometers 
as the dependent variable and selected variables of previous 
experience, training, and anthropometry as the independent 
variable was analyzed using bivariate Pearson correlation analy-
sis. Signifi cant variables after bivariate analysis were further 
investigated using multivariate analysis. A probability value of 
<0.05 was accepted as signifi cant. To achieve a power of 80% 
(two-sided type I error of 5%) to detect a minimal associa-
tion between race time and anthropometric characteristics of 
20% (i.e., coeffi  cient of determination r2 = 0.2), a sample of 
40 participants was required.
RESULTS 
Th e 63 ultra-marathoners ran 146.1 (SD 43.1) km within the 
24 hours, with a CV of performance of 29.5%. Th e slowest ultra-
marathoner completed 65.5 km, the fastest 238.1 km. Among the 
anthropometric variables, body mass, skinfold thickness at axillar, 
subscapular, abdominal, and suprailiacal sites, the sum of nine skin-
folds, and percentage body fat were related to race performance. For 
the variables of previous experience and training, weekly running 
kilometers, personal best time in a marathon, personal best time 
in a 100-km run, and personal best performance in a 24-hour run 
were associated with race performance (Table 1). 
In the multivariate analysis, none of the signifi cant vari-
ables after bivariate analysis was related to performance (Table 
2). Also, when only the signifi cant anthropometric variables 
were inserted separately in the multivariate analysis, none was 
associated with race performance (Table 3). Age showed no 
association with skinfold thicknesses and percentage body 
fat (Table 4). All skinfold thicknesses of the upper body were 
related to running speed during training. Th e suprailiacal and 
front thigh skinfolds were associated with weekly running 
kilometers. Th e sum of all skinfolds and percentage body fat 
were related to both weekly running kilometers and running 
speed during training.
DISCUSSION
In this study of male ultra-marathoners in a 24-hour run, 
no association could be detected between skinfold thicknesses 
and race performance. In this sample of 63 ultra-marathoners, 
skinfold thicknesses of the upper body, such as axillar, subscapu-
lar, abdominal, and suprailiacal skinfolds, were related to race 
performance in the bivariate analysis. However, neither front 
thigh nor medial calf skinfold thickness was associated with 
performance. Th ese fi ndings contrast with those of previous 
studies examining shorter runs. In runs of 10 km (1) and 50 
km (4), runners’ lower-body skinfold thicknesses were signifi -
cantly associated with performance. Arrese and Ostáriz reported 
a signifi cant and positive association between the front thigh 
(r = 0.59, P = 0.014) and medial calf (r = 0.57, P = 0.017) skin-
fold thickness with 10,000-m performance times in 17 highly 
trained male Spanish runners (1). Knechtle and Rosemann 
showed an association between calf skinfold thickness and race 
time (r2 = 0.19, P < 0.05) in 25 male mountain ultra-marathon-
ers in a 7-day multistage run over 350 km, in which athletes ran 
~50 km every day (4). In that study, however, front thigh skin-
fold thickness was not related to performance. 
Table 2. Stepwise multiple regression with race performance as the dependent variable and all 
significant variables after bivariate analysis (n = 63)*
Variable ß SE P
Body mass –0.97 1.13 0.40
Axillar skinfold thickness –6.52 7.16 0.37
Subscapular skinfold thickness       7.35 7.11 0.31
Abdominal skinfold thickness –1.94 2.09 0.36
Suprailiacal skinfold thickness –0.05 3.54 0.98
Sum of nine skinfold thicknesses       1.54 2.17 0.48
Body fat percentage –8.83                                  12.91 0.50
Kilometers run per week       0.24 0.26 0.36
Personal best time in a marathon –0.21 0.61 0.72
Personal best time in a 100-km run       –0.005 0.13 0.96
Personal best performance in a 24-hour run –0.07 0.35 0.84
*The coefficient of determination (r2) of the model was 42%. No variable was associated with race performance. 
ß indicates regression coefficient; SE, standard error of the regression coefficient.
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One reason for these diff erent fi ndings might be the fi tness 
level and performance of the present ultra-marathoners. Arrese 
and Ostáriz investigated high-level runners with a low CV of 
3.36% in the 10,000-m performance, and both front thigh 
and medial calf skinfolds were associated with performance (1). 
Among the ultra-marathoners in the 7-day multistage ultra-
marathon, CV of performance increased to 9.7%, and only 
medial calf skinfold was related to race time (4). In the pres-
ent study on 24-hour ultra-marathoners, CV of performance 
was quite high at 29.5%, and neither front thigh nor medial 
calf skinfold thickness was associated with performance in the 
bivariate analysis. While Arrese and Ostáriz (1) had a very ho-
mogenous sample, the actual ultra-marathoners showed a very 
heterogeneous performance, which might be the reason for the 
negative fi nding.
Adiposity of the athletes might also infl uence the asso-
ciation of skinfold thickness with performance. While the 
Table 3. Stepwise multiple regression with race performance as the dependent variable 
and all significant variables of anthropometry after bivariate analysis (n = 63)*
Variable ß SE P
Body mass –0.59 0.77 0.44
Axillar skinfold thickness –4.59 3.28 0.16
Subscapular skinfold thickness   1.20 2.82 0.67
Abdominal skinfold thickness –1.04 1.51 0.49
Suprailiacal skinfold thickness –0.66 1.62 0.68
Sum of nine skinfold thicknesses –0.15 0.82 0.84
Body fat percentage   3.18 6.31 0.61
*The coefficient of determination (r2) of the model was 16%. No variable was associated with race performance. 
ß indicates regression coefficient; SE, standard error of the regression coefficient.
10,000-m runners in Arrese and Os-
táriz’s study (1) had a body mass index 
of 20.06 kg/m2, body mass index was at 
22.9 kg/m2 in the mountain ultra-
marathoners (4). In the present ultra-
marathoners, the average body mass index 
was 23.1 kg/m2. Unfortunately, percent-
age body fat was not reported in Arrese 
and Ostáriz’s study (1). Low amounts of 
body fat seem to be advantageous for en-
durance performance. It has been shown 
that endurance performance is negatively 
related to body fat (17). Hetland et al dem-
onstrated that regional and total body fat 
was negatively correlated with performance 
in a standardized incremental laboratory 
treadmill test (18). 
Also in nonrunners, 
body fat percentage 
was significantly 
associated with 
12-minute running 
performance (19). 
Bale et al reported 
that total skinfold 
thickness, the type 
and frequency of 
training, and the 
numbers of years 
running were the 
best predictors of 
running perfor-
mance and success 
at the 10,000-m 
distance (6). Also 
in the  present 
ultra-marathoners, 
percentage body fat 
and the sum of nine 
skinfolds was signifi cantly and positively related to race perfor-
mance in the bivariate analysis. Considering the adiposity of 
athletes, the skinfold thicknesses of the upper body were related 
to race performance in these male ultra-marathoners, as has 
recently been shown for male Ironman triathletes (20).
Regarding the fi ndings in studies investigating the associa-
tion of skinfold thicknesses with performance in ultra-endurance 
athletes of other disciplines, the aspect of an ultra-endurance 
performance seems to infl uence the association of skinfold 
thickness and performance. Ultra-endurance is defi ned as per-
formance for 6 hours or more (8). No association has been 
found between skinfold thicknesses and race performance in 
male ultra-endurance cyclists competing in a 600-km ultra-
cycling marathon for 1596 (SD 296) min (21) and in male 
mountain bike ultra-marathoners in a 120-km race over 
541 (SD 81) minutes (22). For ultra-marathoners, in contrast, 
volume (23) and intensity in training (24), as well as personal 
Table 4. Association of skinfold thicknesses and body fat with age and training variables*
Variable Age
Years as
active runner
Weekly
kilometers run
Weekly
hours run
Running speed
during training
Biceps skinfold    0.05   0.13   0.03   0.04 –0.30, P = 0.015
Pectoral skinfold    0.19 –0.03 –0.08 –0.02   –0.47, P = 0.0001
Axillar skinfold    0.02   0.01 –0.24 –0.03   –0.42, P = 0.0006
Triceps skinfold   –0.01   0.01 –0.20 –0.09   –0.34, P = 0.0058
Subscapular skinfold   –0.01 –0.09 –0.21 –0.13   –0.39, P = 0.0015
Abdominal skinfold    0.19   0.13 –0.13 –0.13   –0.42, P = 0.0005
Suprailiacal skinfold   –0.07 –0.03 –0.30; P = 0.017 –0.18 –0.26, P = 0.041
Front thigh skinfold   –0.11 –0.06 –0.26, P = 0.043 –0.13    –0.06
Medial calf skinfold –0.13 –0.09 –0.18 –0.02    –0.02
Sum of nine skinfolds    0.02   0.00 –0.25, P = 0.044 –0.14   –0.37, P = 0.0029
Body fat percentage    0.21   0.10 –0.26, P = 0.040 –0.16   –0.44, P = 0.0003
*r values represent Pearson correlation coefficients. P values are provided in cases of a significant association.
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best time in a marathon (24–26), seem to predict race perfor-
mance, but not anthropometric characteristics.
Th e skinfold thicknesses of the upper body in these ultra-
marathoners were associated with the speed in running during 
training, but not with age, years as an active runner, or running 
volume in kilometers or hours. Th is fi nding seems to be in ac-
cord with that of Legaz and Eston (2), who described an asso-
ciation between intense running training and reduced skinfold 
thicknesses of the lower limbs. Skinfold thicknesses, however, 
generally refl ect body composition and the metabolic/dietary 
energy balance between the calorie intake and what the body 
has used. Endurance athletes often have relatively low body fat 
percentages (4, 9–13, 21–26). However, other factors infl uence 
the storage of body fat, such as genetics, hormone levels, train-
ing levels, and exposure to low temperatures (acclimatization). 
It may be that body composition is a complex balance of issues 
but is strongly infl uenced, but not controlled, by total energy ex-
pended in training or training volume. Th ese ultra-marathoners 
showed a rather low weekly running volume; higher levels of 
training may indirectly result in stronger correlations.
Performance is a complex issue and usually does not cor-
relate with a single factor but rather many factors. Although 
Arrese and Ostáriz (1) assumed that the assessment of skinfold 
values in the lower limbs may be a useful predictor of athletic 
performance in their high-level runners up to the marathon 
distance, diff erent factors may infl uence performance in recre-
ational ultra-marathoners.
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